SEMICONDUCTOR DEVICE AND METHOD OF FORMING AN
INTERCONNECT STRUCTURE WITH TSV USING ENCAPSULANT FOR
STRUCTURAL SUPPORT Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a
semiconductor device and method of forming an interconnect structure with
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electronic products. Semiconductor devices vary in the number and density

of electrical components. Discrete serniconductor [devices generally contain

one type of electrical cofbd énf?feb.,efigﬁflgﬁfiﬁﬁﬁ’éliode (LED), small

signal transistor, resistor, capacitor, inductor, and power metal oxide

semicon?gctor field ef{_}ect transitstor (MO%F%T . Integrated s<=1m1i:conductor

devices yplecalﬁec%%{lam hundredsto mifiionso él%cﬁ%%%c?mpor?ents.
semiExamiplescof integiated semicomductorp devices irctude microeontoliersnductor
deviIICTORroCesBors,chiarged: coypled devises (CODS). solar cell, and digial

micro-mirror devices ( I\ﬁﬁs)l.ngemlconauctor devices perform a wide range
throafyfunctibns such 88 high-speed calcutations atransmitting: and treceiVirgupport .

electromagnetic signals, controlling electronic devices, transforming sunlight

to electricity, and creating visual projections for television displays.

Semiconductor deviBeskarfound iefhdTieldEnyentdrerinment,

communications, power conversion, networks, computers, and -1 consumer

products. Semiconductor devices are also found in military applications,

awaﬂomﬁﬁmém@ﬂQQqﬁQggﬂgpices are commonly found in modern

electronic products. Semiconductor devices vary in the number

(@74

and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



controllers, and office equipment. Semiconductor devices exploit the
electrical properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be manipulated by
the application of an electric field or through the process of doping. Doping
introduces impurities into the semiconductor material to manipulate and
consygiftrol BRE LBRdICtivity T HESEMCoNBUERY debite ASemitonditb device
mi1ieentaing@ctive andpassivey electrica) struetres. Adtive stuglies aincluding
bipolar and field effect transistors, control the flow of electrical current. By
contalingidvelR Yt doping and SBpAT0R of an electric field or base current,
the transisiar eitherpromotes wi Festristsathe flow: akeleckicalk-aursant.
Passive stcﬁuctures, inclqﬁding resistors, ca%acitors and inductors, create a
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semieleatticat functians: rThel passiverand tactivestiuctures are etectricallyty to be

.connecte oform circuiti,. Whgch enahle the semi on.ductfo.r ea/ice to
mani J}ate . the %%P f%a 10n Of an ele %rlg 1 or ahrough
Ber orm high*speed culations and other useful functions. Semiconductor

the devicesareodgeneraliymanufactured using dwoccomplerumarnufactuiingo the

semPIOSE3E8, L6 frontepd mandfacring.andbackcend manyfagturing, each
involving potentia yiﬁundreds of steps. Front-end manu?acturlng involves
condthetformatior 6f & plurakityiof dislon the sddadeof a semiconductor wafer.

Each die,is fypically, ideptical and, eoataing, citcyits formed by glectrically; o
connecting active and passive components. Back-end manufacturing
elecipyolves sirigulatingr ardividaaltdie gront thectinishéed watferlartl packaheg-the and

fiel@eé@f%ct transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to
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provide structural support and environmental isolation. One goal of
semiconductor manufacturing is to produce smaller semiconductor devices.
Smaller devices typically consume less power, have higher performance,
and can be produced more efficiently. In addition, smaller semiconductor
devices have a smaller footprint, which is desirable for smaller end
Provaibgustst ASSmaer digRiYerhag be achieved By mproveriehtsin®the
front-endpeocgss resiting ini dienwith-s@allers highes cdensity active angroduce
passive components. Back-end processes may result in semiconductor
smal4&icd PAckSgESNItR & Sttt $Sotprint by iffproVemeEts i ehectficaty
consintercoarectigmand packaging dnateriglsr Therelectdcaldntereonnestiopr oduced
betﬁv en the iemiconductgr [chkage cor%ﬁﬂng semicond(gffctotr dev%fes on
O mu ifgjrélfe%% $3:D deVic mtegration) At an exterial PHItES ‘Sreult Doard S
have(RCB)nar Suhstrade ity pically ancemplishetbwith awire boads sthedughrheled
rod}ige {THV), or thauh siicon vias (T3V), Wire bonds require addiional .
P package ared'1o form the bend in the teads. T6 make electrical mterconnec
the @ising THVs! qrid@\s; @ tearporanyncariier isikondeditothe packagesubstrate

aensiPLpimigurg) suppertwiile forming, the THY s andiLys-For din walers,
e.gl./, less than icrometers (pnﬁ, excessive handling can lead to

resubreakage _@m@lcsﬁpp_agé.o% eltemporapg @ame?rsaddsuh aﬁufan_aﬂr&@rcmtpr int
py 1hpe Loning.materialfor the ;temporary catrier imits RIocessing, oy aqing

temperatures to about 2000C. Summary of the Invention In one embodiment,
matefheagrésent invention is a method of making a semiconductor device

C?T]p”Si@Qéh% steps,of Rroviding A substrate; gndJerming A vigdn a first side
semigg;gggtor package containing semiconductor devices on
multiple levels (3-D device integration) and an external printed
circuit board (PCB) or substrate is typically accomplished with
wire bonds, through hole vias (THV), or through silicon vias
(TSV). Wire bonds require additional package area to form the
bend in the leads. To make electrical interconnect using THVs
or TSVs, a temporary carrier 1is bonded to the package substrate
for structural support while forming the THVs and TSVs. For
thin wafers, e.g., less than 250 micrometers (um), excessive
handling can lead to breakage and slippage. The temporary

carrier adds manufacturing costs. The bonding material for the

temporary carrier limits processing temperatures to about 200°C.
Summary of the Invention

In one embodiment, the present invention is a method
of making a semiconductor device comprising the steps of

providing a substrate, and forming a via in a first side of the
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substrate. The via extends partially through the substrate. The method
further includes the steps of forming a first insulating layer in the via,
depositing an electrically conductive material in the via to form a TSV,
forming a first interconnect structure over the first side of the substrate,
mounting a semiconductor die or component to the first interconnect
subsdddttire, dEPBsiting afrericapsulit buérthe first MteftohhBctsthittaretand
The SRIDICONMECIOF Hie-OricRMpeReNt: Hemovingsa pertios-efimgecondi side of the
, substrate, opposite the first side of the substrate, to reduce its thickness and
1nSUudlodethe SV, dritl fotfing & seB6RE ftérdoAndtt strictire'Gt tthe
condseaondsside of thessubstrate.cThe seeandriptercanimest , struaturenis a first
electricalléconnected to the TSV, Ln arEcher empodiment, the present

InteRGRREG s & hethod ot Malking BSemicbiductor device tBmprisitig tha "<

mounsteps of prewidinghasubstrate; torming anvie inca first sidenef thér substrate,

. depositing an electrically conductive material in the via to form a conductive .
e ita & LN et SHUEAE br G AT G o the Sl hater ¢
intemoontiega sémisonduetormie eerompondenttorthd fiestamtercommecent ,

remo31yGlure. S8POSING 2P encapsulant oyeLthe irst nterconnedt atiucte.and. .
semiconductor die or Component, removing a pOI’tIOI’] of a second'si of the
the gubsttate,lojposite the fisstisideroft ¢the sybsteate o retace its thickmessand

expo@XPaSelhe condygtive: ia, And forming 8, §eGond INerGRANGC HTUCIUNG OVep o

the second . side of the substrate. The second interconnect structure is
the eleericdlly tdanedied e tieboriduttive vid e apother@nibddimennthe t

st ruPESERL invention.is,a method of making & semicoadycior device comprising
the steps of providing a substrate, forming a conductive via through a first

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a via in a first side of the
substrate, depositing an electrically conductive material in the
via to form a conductive via, forming a first interconnect
structure over the first side of the substrate, mounting a
semiconductor die or component to the first interconnect
structure, depositing an encapsulant over the first interconnect
structure and semiconductor die or component, removing a portion
of a second side of the substrate, opposite the first side of
the substrate, to reduce its thickness and expose the conductive
via, and forming a second interconnect structure over the second
side of the substrate. The second interconnect structure is
electrically connected to the conductive via.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a conductive via through a first

side of the substrate, forming a first interconnect structure
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side of the substrate, forming a first interconnect structure -4 over the first
side of the substrate, mounting a semiconductor die or component to the first
interconnect structure, depositing an encapsulant over the first interconnect
structure and semiconductor die or component, and removing a portion of a
second side of the substrate, opposite the first side of the substrate, to

over ddicefitstAickiesSand exp6se e EoititfetivE WA Fitt dhstheF 8B BaEHt o™

die the preseatinvention isiee semiconducterdeyice-eemprsing tushst@ate apdt ing
conductive via formed through a first side of the substrate. A first

an SREIRGHNEN sttbfire i formetSdver théE Tirst Sitfe™sr b Siibstrate 24

semisemiLonduetos die orcarvpeeriis mounded tnthei figstdntergonnest of a
structure. An_encapsulant js deposited over the first interconnect stru tur(?1

SO SARToORHUEIOT o BF ‘Comtgon e hie BRcABSIAT s ppoRa e e

subssemiconductor device whie arpartior ot asecord sitke-oftthe substiate; i ve
opposite the first side of the substrate, is removed to reduce its thickness
“and expose the conductive via. A second interconnect structure is formed
over the Becend siderofdhe substrate, Thesecond eintercomvratt Structuse és
.electrically connected to the conductive via, Brief Description of the . . .

et (rja?v(\%%élg G ietrated & PCH wth oot %y%%es o%%a&%%‘é%%‘%&a’rﬁeé’la

formgrits-Surface; RGS 12s-2c dliubstratd furtirer detaikafthe - repredamative

int cSEMigoDAUCtOr packages mounted fo the PCB; FIGs. 3a:3h lustrate a, 1,

method of forming an interconnect structure with TSV for 3-D devices using
subsggate. A semiconductor die or component is mounted to the

first interconnect structure. An encapsulant is deposited over
the first interconnect structure and semiconductor die or
component. The encapsulant supports the semiconductor device
while a portion of a second side of the substrate, opposite the
first side of the substrate, is removed to reduce its thickness
and expose the conductive via. A second interconnect structure
is formed over the second side of the substrate. The second
interconnect structure is electrically connected to the

conductive via.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3h illustrate a method of forming an
interconnect structure with TSV for 3-D devices using an

encapsulant for structural support; and
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encapsulant for structural support; and -5 FIGs. 4a-4d illustrate a method of
forming an interconnect structure with TSV and backside RDL for 3-D
devices using an encapsulant for structural support. Detailed Description of
the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in

which likeiimerafs féprésent iheé sameforsimiar eldméRtsmiwtilethe
intel¥entiRitis dasetibed i termshofthe best made forachieving the iBventiRiis ces
objectives, it will be appreciated by those skilled in the art that it is intended

using, BvEFSIERANES mdtifichtions Tand LqGivBRAtE as may be included

within the spirit and scope of the invention as defined by the appended
clalm_s and thegeetqéjl\ial? as sup t(__){tglgll bg/ﬁthghgllgw‘lin glsglo_sure and
drawings. Semicontticior devices are generally'manufac ured using two
complex manufacturing processes: front-end manufacturing and back-end
manufacturinge Feertaend manutacturing invebwesithe dformatiar oba pharadity

%f.die on the surfk?cepffllsemiconéiuctor watfer. Each %ie onfthe wafer
embo m{en S Jt.n The (@) OWlP% e?crrer 10N, Wl rererence o the
contains active and passive elettrical components, which are eléctrically

figucemected th_i@’rm ﬂjnmiqnah@leat;tieahfpcu;'ﬂls.eAtti\léleleeHmal componehts;
e LenPyqLas tfﬂﬂ%‘fg%ﬁgdidg%%%% {‘S‘éfe the golity 1o contral the flow Of: 10 pest

electrical current. Passive electrical components, such as capacitors,
modeintlactors;yesigtors, &t trarnsforhiers,’ createia ¢élationship between vsltage
appr&0d GUIENE, pecessary 1o perform glectrical gircuit functiops. Rassive and y +

active components are formed over the surface of the semiconductor wafer
covepy alseries df pyscessktepg ications, and equivalents as may be

included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps

including doping, deposition, photolithography, etching, and
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including doping, deposition, photolithography, etching, and -6 planarization.
Doping introduces impurities into the semiconductor material by techniques
such as ion implantation or thermal diffusion. The doping process modifies
the electrical conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator, conductor, or

plangeidficafy cham§iRg tve sEmicadtetor HidteRal tAddctivity i fesponse to

semial etecliclield or base cupent.c Fransisters cantaingegions of vandng fesn or
and degrees of doping arranged as necessary to enable the transistor to .

thergigiméte okttt the Aow btRtetdriOd Lot UpoH the Spptitation 6t theca*

condelectricifield 6F base curenl Active antpassiveicorapanents aee farmed by
layers of materials with different electrical properties. The layers can be

trang ! el 7 vafet BT HEBBSOR echiges Gureliech par byihETpe

condofdnateriab beihgrdeposited yFahexample, thir flendepasitiontmay iavoive a 1
chemical vapor deposition (CVD), physical vapor_deposition (PVD),

cond TSt pidint R Bt et e Bttt Eath ey GHRE

Tranpatterned to forna portions of astive comppnentst passive rcomponerds, art
.electrical connections between components., The layers can be patterned

dop gt aphy W ivales e dSpetiton BT Mo Sarsitva bromote

or rpateriatte.ghephidtoresidt, everthe layer toberpatterned. A patteppiglication

ot ciiansfeed from aphofomask tq the photgresist using light. The portion of
the photoresist pattern subjected to light is removed using a solvent,
exposing:goaions dithe andeniing dayeneiepatternédr Thel rédvaiheee b of

mat e{neANOtgresistis Fempyad, leauing,behind g.patternadlayer. Alternatively, can

some
be formed by a variety of deposition techniques determined in

t.
y

part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous

deposition/etch process using techniques such as electroless and
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types of materials are patterned by directly depositing the material into the
areas or voids formed by a previous deposition/etch process using
techniques such as electroless and -7 electrolytic plating. Depositing a thin
film of material over an existing pattern can exaggerate the underlying
pattern and create a non- uniformly flat surface. A uniformly flat surface is
eleclaRirdb G prbate@Smaller and more densely packed active and passive

componenisoRlananigation eam be Usedde remeye mategakiromn theswiacey
of the wafer and produce a uniformly flat surface. Planarization involves

Pt GG hirg the St it i th& WafdP\With &Y pBsHifd bad AR 2bra<ivé hiatéridl o”

unifamchCorresiye chemicalare addeditodhe sprface of the water diingequired to
olishirggéﬁe combined mechanical action of the abrasive and corrosive
e

PTOodEGfon® CEhéfital emoved &N ifreguiat 10pSdraphy, ERbitRg iR 2" <
compwmifortmy. flaPsurfacei Backwendonanutactusing refersdacuttingsare singulatingm

the finished wafer into the individual die and then packagin ie for
£ S Tral stlpSi S Sh el oA e “SArtoR. 15 o GUIAE (e e, ThE =2
Planwaferas scoredranglbrokep odlbrg non-fuhetionat fegions of theewafer€alled th a

W sirects or seribes, The waler is singulated ysing 3 laser cutting faol or ¢

.S
pons%v%%?aé)e?%(fter singulation, the individual dié are mounted to_ acpac age
addesubstraté thatumdlades pinstdreontdct pads fon intercbhmection withilother

compRIAMEOMAENENtS. Gontagtpads [farmed aver;the semicandycion dig argy ; o

then connected to contact pads within the package. The electrical
of téenrdrtiohs zanrpdae Witly solder Huhips, SREPBFAPS Yeondedtivd pasteln a
uni FEEWIrEbends. Anepgapsulant or other molding material is deposited over the

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
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package to provide physical support and electrical isolation. The finished
package is then inserted into an electrical system and the functionality of the
semiconductor device is made available to the other system components.
FIG. 1 illustrates electronic device 50 having a chip -8 carrier substrate or
PCB 52 with a plurality of semiconductor packages mounted on its surface.

CarTE RtroRit deVice 560 Mmay-Fave dhtt)pé of SBAficondlictdl pagRagersractor
packigliipletypesaf semicopddctor packages; depending antheapplioatien; have
The different types of semiconductor packages are shown in FIG. 1 for
one hiiposes of filistrafich Bietudic tRdice 507 Ay ve's Stand?&5hie 3y stem
semithah disesdhe senneordiuctarpackagas to perfaem e lordaeroelectricad
4 fffunctict)ns. Alternativ??ly, electronic device 50 m%\% be a subcomponent of a 1
LRt G sy St S S exariple CBdatibRl H8ViEE 0" may he™ A GIphids éard;
for petnosk teddce cands or sothemnsignal processing card that can be inserted
into a c%nfglétcer. Thecsgrgic.ondugg)r ack%%e can inclédea microprocessor
S

memories, appflfcoarfi%n spe%ﬁféelntegra ed cwcwtss(tA%rl1 sJ, ch()jgr}g cirddi sejm Phat

use sandlog siouits; iRk circuits, adisergtes dévices, rdratheosemiconduacter die or

electiegUical P&E“&O{‘gﬁés; In HG, %m@&Bv%%%ro"i'ﬂf‘jesc%%’SE?Jca' gubstratedgr
structural SuppOI‘t and electrical interconnect of the semiconductor packages
be amouhtednpr tirenPCBL Contiarctive signal ¢racesBdrare:fenmeée over a strface ¢

deviWihinjayers of PGB 52, ysing eyaporation, lactrolytic plating, glectroless
plating, screen printing, or other suitable metal deposition process. Signal
othefraceyb4 provide forelactricalcbnimahication betwe@erted into a

computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to

an intermediate carrier. Second level packaging involves
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each of the semiconductor packages, mounted components, and other
external system components. Traces 54 also provide power and ground
connections to each of the semiconductor packages. In some embodiments,
a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die

me chen LRa3dtkYmaaraté Lafrier 2Sédond rRVEP Gird mvoRes 8 HecHanicmy - teT
to taed pleetrically attegBingdhe datermadiaie sarsien itedhe PEB ANherce may
embodiments, a semiconductor device may only have the first level
onlyphaREging Whére the dig V& mBERAREAIy it Ei6ttricafly tduntéd directly to
mechtheiRGB1Forthe purpese Of Hlustration several types-afy fiest levet pcB.

packaging, including wire bond package 56 and flip chip 58, are shown o
B 5 SRR SEGEIS] bt of Lok b R \SU0 pREKSgY, MERTHng al

firsgrid atray (B&A) L0 bumpl chipucdanier (BCE€) 62ndualdnitinggpatckage {DIP)ip
._64,]and grid_array (LG , multi-chip module (MCM) 68, quad flat
e S i BACae (bR 70 Aad PP LAkl 12 e ShowtP=® oF
secomouhtededn (RCB&2L Dppendinguuporythessystem régairemgnts3@ny 60, bump
n i pCOmRInAUON (@fsemiconduetor pagkagss, configured wibrary gambinafin of
first and second level packaging styles, as well as other electronié
arragompéhaentsbcambe tonnédtedrtoRCE 52M130rhé , embadinfents, electrdrieded

packd§¥ice gihincludes asinale affaghed semiggnductor pagkage, while pel oy on

embodiments caﬂ for multiple interconnected packages. By combining one or
PCB mére seriicordiuetorupackages oves assingle substarn rranudacturasieanat ion

of sIROIRATALE. Pre-Made.components it electropic deviges apdisysiems,n o

Because the semiconductor packages include sophisticated functionality,

£17 sgleefEnietievicesl@irfle RkAaCHifedStsings, as well as other

electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within

the die and are electrically interconnected according to the
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cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to manufacture
resulting in a lower cost for consumers. FIGs. 2a-2c show exemplary
semiconductor packages. FIG. 2a illustrates further detail of DIP 64 mounted
on PCB 52. Semiconductor die 74 includes an active region containing

elecindisg lorgigitartirchits Mipfhfented a8 dctitddtbicespassivedévicBeY
incleerdustive dayers.and diglactria layers tormedyyithin thewde and@@acitors,
_electrically interconnected according to the -10 electrical design of the die.
reS1EEPESm AR IRE-GcuitThay YihtluBe THe drimb e BaRsi¥tbrd 'diodds active
regiduetorscapasiiarnse vesistors, and othes eiraudit elements dormed witbindhemore
active regoio%of semiconductor dje 74. Contactg ds 76 are ?ng or more
(A 9B ¢

LayepSeft of COHUlchve malariar dGct as AitmiRGnT (A" cBpPer (Cly, tHISH5*
(Cu) nickel(N{sgbld @Ai)kersilver (Ag)yand areuelectsically tormected 19 thend are

e LecgieiLelements formed within, semicondyctor die.d. During. assembly of DIP
JSemicondactor di€ 74 i mounted to an intérmeédiate carrier using a
semigolddsilicom edteetiC 4ayerioradhesive snatetial suchbas tietmat ceepoxyndhetor

4ie Package bady includes an insulative packaging material, such as polymer.or
e cera%ns?c.m gn(}uector leads Sbnan%rrsﬁrelgondsc%f E%oevrlde ele%tsrllc%$ 9°
siliiptercemtect betweery ssemicondiictor tdie 7thard POCB 52cEneapsutamn8lis

epox§EPOSHed guenthe backage foranvironmental pratection by preyenting,

moisture and particles from entering the package and contaminating die 74
mateghwire Honds B2. FIG y2Is fllustratesfarther detail o BCE 62 medistedOonnd

wirePGEE Semispnducior die-R is mountauer sanier9G4isigsan underl

or epoxy-resin adhesive material 92. Wire
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
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bonds 94 provide first level packing interconnect between contact pads 96
and 98. Molding compound or encapsulant 100 is deposited over
semiconductor die 88 and wire bonds 94 to provide physical support and
electrical isolation for the device. Contact pads 102 are formed over a
surface of PCB 52 using a suitable metal deposition such electrolytic plating

Lo 15t erdrarbiedsplafing toprevRht Bxibiation. ‘Comtact patisS o7 are eledtridans !

packeeinegted -ene er mage canductiversigaalitrrcesu 84 o PER:52 3BumiRsains
104 are formed hetween contact pads 98 of BCC 62 and contact pads 102 of

analeg o) G F1E2 ¢ CderiitbhductBP S8 <SMobifited Tt Yom” L fy

pas sittermeshiatecayrierct with aeflip £hgp-stylesfirst level packagingaAetive formed
region 108 of semiconductor dje 58 contains. analog.or digital circuits

2 oot HBhehfod BS aBE HEVIGES, PRShd Hetioas: Condiciive IRgers aRR " the

circdieteatric/layers fosmednaceardingrto the slectrical desighiefdibhe die.rtkbictors,

capaZT0le, the, chieult may inglyde.gne or more tansistors, digdes, jductors, ;

P capacitofs, reSistors, arid 6ther Gircuit elements within active region 108

regiSemicthductxndie 58ds electrically andl mechkaricallyiconnegtethtd carrier
106 through bumps 110, BGA 60 is electrically and mechanicall ected
h 10 A aqnn

e BCR L5 it A BA Sble secsid (el Lackagny deng bumpe 113

C wit GA style secon packaging using
Semicorfuttar die 5843 electricaily tonaecteddolcandaetiviey sigrahratesi5go

pce WP GBAZ threugh bumps 110, sighal lines, 114, .pnd pymns.11e, %H}gé@'nnd@lz :

compound or encapsulant 116 is deposited over semiconductor die 58 a
Semicqridr ¢0610 Picvidd physfchestpporeand efsoticdt isslation for ke device.

signhne dlip chip %%“@H”Q%%toé§e‘£iﬁ§&E%Yld%%ﬂﬁé‘oﬂ%@?déi%h&?”qlﬁt@é‘ 114,

path from the active devices on semiconductor die 5
and bumps 112. A molding compound or encapsulant 116 is

deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3h illustrate a process of forming an
interconnect structure with a conductive via for 3-D devices
using an encapsulant for structural support. In FIG. 3a, a
semiconductor wafer 118 contains a substrate made with a base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable

low—cost, rigid material for structural support. Alternatively,
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to conduction tracks on PCB 52 in order to reduce signal propagation
distance, lower capacitance, and improve overall circuit performance. In
another embodiment, the semiconductor die 58 can be mechanically and
electrically connected directly to PCB 52 using flip chip style first level
packaging without intermediate carrier 106. FIGs. 3a-3h illustrate a process

the 51‘%18% &n GRteréBhriect STHCIREWith A cOiR fetife VT fof 3-5'device’

germdsing@n @mpﬁulanaicye&tw&rahmpgﬁt dnEEon3a<sg semiganducior
wafer 118 contains a substrate made with a base material such as silicon,

carbygiGmer Apalyier tofmpoSite Bt C REHTHR glASE, Jiads BFoxy BRRliGH the

subs@xide coretheysuitable dJow-cast rigid matetatfor strugtttal ssippertsuch as
J Altern tlva%g -12the s strate can %easem onductori se material such
©5C4s e im, galﬁﬁ‘]% rSERIAE M m?ﬁ%ﬁo phida 6 Sificsh Tarmias A
reglplnralm@ otsemicondugtos dicl ean be farmed an the substrate isirigemented as

semi onductor manufacturlr&% Qrocesses sug desclrlbed above ach
active a Fassa % iig ﬁ
démiconductor die includesan active’ region contaifi g analog or digital

die leirguitsampiementetasnadtive. déwne&kpwﬁm @evdces| eonductakllayers,
and dlelegtrg Iagers fgrmed Wlthjtrhthe atnd eleﬁitri%%ll mterco nfcted

1ntercon F ?% F tion
according to the electrical design and unctlon of t or examp e, the

of teiecuitimay inchrde spepE morehrangistons, tdiodes, andlother cirguitbr more
tran€/COENS fOVHEecS’d‘g'_l;h'”a%“"&%tgiac&%?&*@e%%ms%Qa%%ﬁé’qa%%%m

circuits or’ digital circuits, such as digital signal processor (DSP), AS
actifrenfory fecsther Sighal pm@égg‘iﬁgi@:wbaﬁéme@emmh@mcmrdiélnﬁay also

digitontainiptegrated pagsiyedevig %%@PP) SUGHAS JNAUCIUS CaRgFEters, algc,
resistors, for radio frequency (RF

memory, or other signal processing circuit. The semiconductor

die may also contain integrated passive devices (IPD), such as

inductors, capacitors, and resistors, for radio frequency (RF)

signal processing.

The IPDs contained within semiconductor wafer 118
provide the electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, matching networks, and tuning capacitors. The
IPDs can be used as front-end wireless RF components, which can
be positioned between the antenna and transceiver. The inductor
can be a hi-Q balun, transformer, or coil, operating up to 100
Gigahertz. In some applications, multiple baluns are formed on
a same substrate, allowing multi-band operation. For example,
two or more baluns are used in a quad-band for mobile phones or
other global system for mobile (GSM) communications, each balun
dedicated for a frequency band of operation of the quad-band

device. A typical RF system requires multiple IPDs and other
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signal processing. The IPDs contained within semiconductor wafer 118
provide the electrical characteristics needed for high frequency applications,
such as resonators, high-pass filters, low-pass filters, band-pass filters,
symmetric Hi-Q resonant transformers, matching networks, and tuning
acitors. The IPDs can be used as front-end wireless RF components,

. ca
hlghwﬁpiéﬁoéé?fl%é postomedbetveh the anteiina aifdltransteivdroThe fdiress ©°

per feambe @ehir@ balis thansfarmer i o/z00iks operatingdip to 100 Gigahertz. In
some apr%lications multiple baluns are formed on a same substrate, allowing

multi-ba BE)Er‘%?i%h.tifoPéxé(Hwﬁ%, o S ore BAILRS A& UREd it gr water
118 guadrband ferrmabile phasesor otheriglgbalsyster forsmehile (GE8M)p

caommupications, each baDIun (;Iedicated for a frequency band cl)ié) eration of J
reachhfuadBaid CEVick. IRPitar RF Sy stai TequiteS muttité 1PBS ahd othere
to 14h3highdregueacy Cireuitsnicl anetanmore semécondastor packagesstol at ing

1ayeRSrOrm thaen“%%es$§9’ %‘ec%'ocfa!a,f“{‘é’“o@% %Pluéalﬁ{ ofviagis farmed i, 5,
Serniconductor wafer. 118 using lasér dril Ing or atc INg process, such 'as
silideep mreactivisionEteNiAg (DRIE) Aminsubating tayer 123ii9Normedhrio dihem
the.side 'ﬁxllsz (? bottom af the vias. The 'Eﬁ ing layer 121.can be one or
pentr%}é%e& ?a;\/lérsa o?gi iéona%i%l?ql eu(%i(?ﬁs,lgsellic(lon %'?r%qe’( %X)frgﬁic%%h oxynitride

benz(8i@N) otantaiom pefitoxideo(Ta205),zalumiruln DXideBAL1203Y, polyiatde,

suitB%'llzeoca_XE'é’Pé‘Ee&ei@%)aQPB(Q?'T‘Z"%'%Q{%Q):iq{gOt_*i%rﬁéHit%% is

dielectric material. The insulating layer 121 is formed using PVD, CVD, or

formg@rmaloddaiioh. AV Electricall eonddctiveifaterian 122 is deposited in the
WaSOVeAWSQE@@Sﬂaﬁﬁf%y-w%99£34}d%VRateria1 122 is deposited

in the vias over insulating layer 121 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive material
122 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, W,
poly-silicon, or other suitable electrically conductive
material. Conductive material 122 in the vias functions as
conductive TSV.

In FIG. 3b, an electrically conductive layer 124 is
formed over TSVs 122 and semiconductor wafer 118 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer
124 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. The individual
portions of conductive layer 124 can be electrically common or
electrically isolated depending on the function of the
semiconductor device.

An insulating or passivation layer 126 is formed on

conductive layer 124 and active surface 120 of semiconductor
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sputtering, electrolytic plating, electroless plating process, or other suitable
metal deposition process. Conductive material 122 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, W, poly-silicon, or other suitable electrically
conductive material. Conductive material 122 in the vias functions as
conductive TSV. In FIG. 3b, an electricallg conductive layer 124 is formed

1

wafegydifgys 159 ahiseifitonductsy Wafel 43 833ing PV YD, Bptifterfifg ST S
of selegtrolytigplating; electrolessplatingprocess, ot ather syitakledmetalving

. .deposijtion process. Conductive layer 124 can be one or more layers of Al,
SIMIERr SHIRE AL WY dr*GHREr Sditable eldtiricdly thhthttve Méteriat “Phe S
f ormiddiviiduial gpartions of7oonghuctive 1aygr 124ican-be elecirjcallycommoenving,

. __electrically isolated depending an the function of the semiconductor device.
SRR WS 1ty 51 SASEMATGR1ger £36 is foried bh Bordudive Jayer £54 A =™
126 activessurfaee 120 afrsemicbnductpr ci4 svaferl 3 phweeinsulating ddyer 126yer
154 Can be one or more layers of Si02, Si3N4, SiON, Ta205, A1203, or other

"material having similar insulating properties. The insulating layer 126 is

formed using:PYEX, O\, 1printmgn Spintcoatinga spray Icodting, Sintewoy,@rer

thermal oxidation. ortion of insulating layer 126 is femoved by_an etchi
Condblr%gcé\sfse t()i(L S%S&eﬁcgnc?u%%vé Illasyuera%zl%{gAn?gFé%trric%ﬁg c%rs1(J*JLI}((?ItivEé:\l}l}zi)'/er8 Y?%
sputisdormed ovee condustiveclayért2h gnd disutdtingllayer ©26 using Pv¥Dgcess,

or ofME» SPpHttering. elecirolytig plating, glectrolesslating pracess, PLother o

suitable metal deposition process. Conductive layer 128 can be one or more
128 |agersosf AneuosSnNi Ay, Agoy of AL, Cu, Sn, Ni, Au, Ag, or

other suitable electrically conductive material. The individual
portions of conductive layer 128 can be electrically common or
electrically isolated depending on the function of the
semiconductor device.

An insulating or passivation layer 130 is formed on
conductive layer 128 and insulating layer 126. The insulating
layer 130 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having similar insulating properties.
The insulating layer 130 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation. A
portion of insulating layer 130 is removed by plasma or chemical
etching process to expose conductive layer 128.

Conductive pillars or posts 132 are formed over
conductive layer 128. Conductive pillars 132 can be Cu, Al, W,
Au, solder, or other suitable electrically conductive material.
In one embodiment, the conductive pillars 132 can be Cu and
formed by a plating process. A thick layer of photoresist is
deposited over insulating layer 130 and conductive layer 128.

The photoresist can be a liquid or a dry film with a thickness
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other suitable electrically conductive material. The individual portions of
conductive layer 128 can be electrically common or electrically isolated
depending on the function of the semiconductor device. An insulating or
passivation layer 130 is formed on conductive layer 128 and insulating layer
126. The insulating layer 130 can be one or more layers of Si02, Si3N4,

of 18idN, Ta208'"A120% Sor'GthHEr matdriat habmgSsimiar Middlatifg Pregerties - ©

achikhe inswatingslayeidl 3¢ isderaed usinghP¥Be CALRIINBYE SPHbeeRLng ve
spray coating, sinteriél‘g, or thermal oxidation. A partion of insulating layer

p111735 idRhToved 5y BREn orchemic™ etchin§ pRotes8 16 exfbse toRdidtive™ e
us inlqgyphd28.1Gandugtivepilars o postsdkiarefotmed ovee ganduetive:taygreas

¢ té128. onductive§illars 132 ca betCulAI, W, Au, solder, or gltjher Euitable Lt
© RchiRBly E8RdICtivEThAR Al SRt GiTe Embodimént the cordtictve phfars s+ S
is s132 pakbdeoaandetormed hyea platingrptdcassa Al thicknlayer-afyehataresist s

is depaosited over insulating layer 130 and ong ctive layer 128. The
132 R AR o ST I G iy Nt S Sradh 518 536 3. >
form@wodayers of photarésist may<de dpplied to achieve the desired thickness.

Inone e bodimeqt onductive pillars h v.eahfi ht of g O.pmehe
phororeat 8 DAHLA Gl B Pt Sraoy o0 1 oemceitad i thg=d

aroupaﬂtte_medlaréayeomhé |bh@@réﬁf@ty;iﬁ@@le%Wl_i@@@_t@glerprﬂo?cére@m be
one §:SUIRRed away leaving behind individyal canductiye pilars 13z, 4n apother, . .

embodiment, Solder balls or stud bumps can be formed over conductive
matefayed 128 VAR thstlatingear passivhtibanayerridaeis fawsed arbendnsulating

1aye90W%%ﬁW§F%E%%éézugﬁ%&“%$%mgd§b?f%%%8%&98, spin coating,
spray coating, sintering, or thermal oxidation. A portion of
insulating layer 134 is removed by an etching process to expose
conductive pillar 132.

In FIG. 3c, an electrically conductive layer 136 1is
formed over conductive pillars 132 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 136 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 136 is an
under bump metallization (UBM) in electrical contact with
conductive pillar 132. ©UBM 136 can be a multi-metal stack with
adhesion layer, barrier layer, and seed or wetting layer. The
adhesion layer is formed over conductive pillar 132 and can be
Ti, titanium nitride (TiN), titanium tungsten (TiW), Al, or
chromium (Cr). The barrier layer is formed over the adhesion
layer and can be made of Ni, nickel wvanadium (NiV), platinum
(Pt), palladium (Pd), TiW, or chromium copper (CrCu). The

barrier layer inhibits the diffusion of Cu into the active area
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one or more layers of Si02, Si3N4, SiON, Ta205, A1203, or other material
having similar insulating properties. The insulating layer 134 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering, or thermal
oxidation. A portion of insulating layer 134 is removed by an etching process

to expose conductive pillar 132. In FIG. 3c, an electrically conductive layer
of thsgs %rm@Sveﬁ’e&ﬁﬁdh%Wéf pfars P82 t8ing™PVDNEVD, Bputtefingt - The

seedelestyelytic platingmelectolessilatingsprocess,1erathen syitablednetal an
, deposition process. Conductive layer 136 can be one or more layers of Al
IntegfegnaNe A XY oF bifer'stitable” Blethically CondGEiVE materiat - 132 and
subseguduativiedayer 136 istare tintet buaynmetallization{UBM).in elestricals
contact wiéh conductive eillar, 132. UBM 136 can be a gmlti-metal s,tgglk with32
PTOVAGHSSiO ayr SatTIEH thyer, Ahd deed STbting 1881 Thé Lddhdston yer >/
as wislformed averecandictive pilar d82 ahdfdarshenTiatithniura dittidg £FiN)pr
Soldtétgnw%%% sﬁ g/TiW), Al, or chromium (Cr). The barrier layer is formed
ver'the adhesion layer and can be made of Ni, nickel vanadium (NiV),
platinumA{P# lpalladiura (RPg), JoWg or chraminat eopper (CsCaxpdwel badrierver

ayer inhibits the diffusion fCCu into t gcatc]'g\éel' a eac-lelof the die.

I he see
B layer can bé Cu, Ni, NIV, Au, or Al. The seec Iﬁyér istormed over t eecbaﬁﬁ%re °s

platlayer abd dttsfaan intermediate condottivedlayerbetween comeuctivelpiliar ve
matet34 2Nd guhseauent bumpg or offier igterconnect strugtyre. UBM136

provides a low resistive interconnect to ¢onductive pillar 132, as well as a
combpaiet e SolderdifaSionvaridiséed fayet furasoldérwenabiityl Ah-ele€teitally

exam8¥¥¥“¥M%“3§SHGQ§£$@O§@%$9Y@1 can be eutectic Sn/Pb, high-
lead solder, or lead-free solder. The conductive material is
bonded to UBM 136 using a suitable attachment or bonding
process. In one embodiment, the conductive material is reflowed
by heating the material above its melting point to form
spherical balls or bumps 138. In some applications, bumps 138
are reflowed a second time to improve electrical contact to UBM
136. The bumps can also be compression bonded to UBM 136.

Bumps 138 represent one type of interconnect structure that can
be formed over UBM 136. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

Semiconductor die 140 each have contact pads 142
metallurgically and electrically connected to bumps 138. Each
semiconductor die 140 includes a substrate with an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected

according to the electrical design and function of the die. The
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UBM 136 using an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The conductive material can be Al, Sn, Ni,
Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux
material. For example, the conductive material can be eutectic Sn/Pb, high-
lead solder, or lead-free solder. The conductive material is bonded to UBM
semifeEasingH shitabl& atacimentorbéiding Fitotess. iR ofeBHbodinfent the 9 -
A pae@ductivemaerialis sefipwed ly heafingsthednateriakabave ésmelting
point to_ form spherical balls or bumps 138. In some applications, bumps 138
& LeChie fefbwed DI timé o TiprovéSel8cHits &?ﬁ&% 0 tBM 136. The
semibuwmnps canalsn be compressign bonded de\JBM 1864 Bumpsckidorepsesert
. . one type of interconpect structure that can b é%rmed ove,rdUBM 36. The
oty oAt StEUTe tan Kt tSe “BOHARirS ork e Baste> stid
semibumpumicro bimamcarother electrical interconnect. Semiconductor die 140
each ha\%&écontact. pads 14 megllurqficalg}/ and electrinllyé cgnr&ected t ‘
bumps 1 CEACh ‘semicondUctor die 140 includesd Substrate with an active
the mgorceontaininganatey ordigial citcuits implemented @staciive idevices,
eornf333iYe deviges conductve lavers. and dielectric, layers formeg yithindhe, o,
ie and electrlcaﬁy interconnected according to the electrical esign and
an efunetion bhthe die. Mhé dingemicarductbr ¢ niralso tedtany {RD foeRF
struSlgNaLPIacessing.. & passhidevice ot campongal 4t s, sticlurgly and
electrically connected to UBM 136 using bonds 146. Semiconductor die 140
compgire pagsivedediced44; irocrhbinadtiohdwitd the IRPD fernsedirPactiveregion

moldl%&f”de8€%§%)§ﬁq@8%T®“§9%$95§H%%. Encapsulant 150 can be

epoxy resin, epoxy acrylate, polymer, or polymer composite

material. Encapsulant 150 is non-conductive and environmentally
protects the semiconductor device from external elements and
contaminants.

In FIG. 3e, semiconductor wafer 118 is inverted and
back surface 152 is reduced in thickness by mechanical grinding,
CMP, wet etching, dry etching, plasma etching, or another
thinning process. Since semiconductor wafer 118 is covered with
encapsulant 150, the structure is sufficiently robust to reduce
substrate thickness to less than 300 pm. In one embodiment, the
thickness of the substrate is reduced to 10-50 pm. A temporary
carrier or tape is not needed because encapsulant 150 provides
the support to maintain the structural integrity of the device,
even with the reduced substrate thickness.

In FIG. 3f, an insulating or passivation layer 154 1is
formed over back surface 152 and TSVs 122. The insulating layer
154 can be one or more layers of Si02, Si3N4, SiON, Taz05,

Al1203, or other material having similar insulating properties.
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The semiconductor device is encapsulated to protect the device and provide
robust structural support during formation of additional interconnect
structures. FIG. 3d shows an encapsulant or molding compound 150
deposited over the structure described in FIG. 3c using a paste printing,
compressive molding, transfer molding, liquid encapsulant molding, or other

The duifdblé hpplicatary Encapsulbft 56 E5A bes &paxy 188in, CfoxyRictylate 9 -
spinPAYEelnef, PAWNE cCermposite;, materiak Encapsulant A60isinon-conductie. A
and environmentally protects the semiconductor device from external

POTtdfathents 4Rd UeoHtamiharity Gh FIG? 385 sémohaticteY wHte P8 9 Rvaresess
to eandacksmface152 is reduced in thickness by mechanical grinding, CMP,

wet etching, dry etching, plasma etching, or apother tl'|\|i1 ing process. Since

semiconéf?ct%i Wardr 18 co%%?é%l ﬁ/ﬁ%‘lVSni{;ap\é%]fanjt @O,l%efgtf&%greoi et
TsVvssufficieatiy rabust ta tedugel sylbstrate 4hickness toviess tham, 3G pat. & Ong,
eLecgTRodiment, the ihigkness of the substrate Is reduced (0.0-50 pm- A o

temp(}]rary c%rrler orqépe iSoteeded Bjecause%n%apsﬁlanl’ 150 provi(?es
suitthelsupporttd mMaintain the strpctaral sntegritoofdhe device] saxven Willb thean be

reduced suE) trate thicgn $s. | FIG, 3f, an.ins Iatingor passivation layer 24
°1€ 3" formed ov%%%%k%urécé 1%§’ansd§1‘8®§ 2 l.lThe?ﬁsu?é:tinog% a;e/gr 1%ﬁ%ab ©
electan be bhe crandreciayers 0fc3i02 18iBN4, SiON,Tal086, K298, bbothes a UBM

in emg&ecr'pilggyingosﬂ@ggrtinwl@ﬁipgﬁgp(ﬁﬁigs’. -18 The insulating layer 154 is

formed using PVD, CVD, printing, spin coating, spray coating, sintering, or
thermal éxidatién. A Portion of mstlating Jdyerdsadis gemovet bysani etthing

depoe%¥@35§9§%p@§ﬁ1§%és%%%ng an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
process. The conductive material can be Al, Sn, Ni, Au, Ag, Pb,
Bi, Cu, solder, and combinations thereof, with an optional flux
material. For example, the conductive material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The conductive
material is bonded to UBM 156 using a suitable attachment or
bonding process. In one embodiment, the conductive material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 158. In some applications, bumps 158
are reflowed a second time to improve electrical contact to UBM
156. The bumps can also be compression bonded to UBM 156.
Bumps 158 represent one type of interconnect structure that can
be formed over UBM 156. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

In FIG. 3h, semiconductor wafer 118 is inverted again
and singulated into semiconductor devices 160, which are

metallurgically and electrically connected to contact pads 166
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An electrically conductive layer 156 is formed over TSVs 122 and insulating
layer 154 using PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive layer 156
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 156 is a UBM in electrical

on PeShtdbfwits TSVsHIE n Fi6 - 3g, A élechitany ehndidtive hatetial e ssive

devidepasited ever BN 156 ysing anevaparation; electielyliecplatingact ive
_electraless plating, ball drop, or screen printing process. The conductive

regionidial cafi BeAL SRANEYAC RGP, BP CU;Soldet, 4fid BMibifatitRg 138
and theseofymith anseptional flax ,matevial, For example,the copductivesmaterial
Qr? eutectic Sn/Pb, high-lead solderg? Iead-frigﬁolder. The conductive
e i

b O1caqt b -
ONGhatetial iSBONGES 8 GBM T56 TN a Sditatié Attachment or bonding
process.Tiheonenemmpedimant cthepconckistivenmaterialtie reflowed bydheatingafer

strubg Paterial above !és é‘her“i%p%'é%o orm_ spherical b?!% Qr bumps 158,10 ot
some app?llcatlons, umps are reflowed a second fime to improve
struelectrical conthet torldBis 156nThe dumipsscaralse gecamprassion bonded

sunsPaBILI56 Bumns 158 eptasent ane ype of ntersannect sruciuig Mt o,
can be formed over UBM 156. The interconnect structure can also use bond
to Pwhed ocondectivelpaste, stuel amp smitro bunipyorotferr electdical SVs 122
enusiNfeIGOnIed): IEIG, 3h semiconduictorwafer 118 is inverted again, and. o s ng
singulated into semiconductor devices 160, which'are metallurgically and
deviglechireallpcoansced td eontetpads 16619 bATROB 1% Usiey barpsilss.

pondPRAIconsucion die 140.and passiye, deyige 144, aswelhas,passive and
active devices in active

manufacturing cost, reduces breakage and slip, simplifies

handling, and enables higher processing temperatures. The

electrical connection to the PCB on the backside of the

substrate reduces silicon area and corresponding package size

and thickness.

Another embodiment of forming an interconnect
structure for 3-D devices using the process flow of FIGs. 3a-3d.
At this point, TSVs 122, conductive layers 124 and 128, UBM 136,
conductive pillars 132, bumps 138, semiconductor die 140,
passive device 144, bonds 146, and insulating layers 126, 130,
and 134 have been formed on semiconductor wafer 118.

Encapsulant 150 is deposited over the structure 122-146 for
structural support during formation of additional interconnect
Structures.

In FIG. 4a, semiconductor wafer 118 is inverted and
back surface 152 is reduced in thickness by mechanical grinding,
CMP, wet etching, dry etching, plasma etching, or another

thinning process. Since semiconductor wafer 118 is covered with
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region 120, electrically connect to PCB 168 through bumps 138 and 158,
UBMs 136 and 156, TSV 122, conductive pillars 132, bonds 146, and
conductive layers 124 and 128. The encapsulation process makes the
substrate or wafer structurally robust during formation of additional
interconnect structures. The encapsulant permits backside grinding to

encagivstantally H8ducd fis HHEKITESET Thé It ChRfbition 18'PTB i8gigduce
subsiagdeonthedacksiderof the wafenwith TI&Vs.422 thus eucingtheisiican, the

area and package size and increasing device performance. The encapsulant

Eh I CEifimates the et for Betiding & dé-B8fdiNg 16 altemporafy carfier, TGWEE"Y
carrianutacturing-cast, resiticas bseakageandsslip:sinplifiesa handlptg, @nelvides
th enables higcher 6{i';éocetssi,n tgmﬁzeratures. The elecgrical conne tiotr}lto tge ,
© PO tne batkbids of the " Sibsitaib vedices sifitdrareatantt o ocVices
evencorresporicing package sizé ssnchthicknesskAreiber embodiment of forming
an inter%:nng%tsgyg ture for 3-Daqsevlic‘:7eastlisoiplg F‘]jegroc jqflogv FIGs. over
3a-3d. Atthis point, ffZ,%onauctlve layers 124 and 128°U WfT%g,
backcenductive pilfazs 482, hwvips 138, semicondustof d@iel 140,1 passivé devicen be
one %4:4’mboorngsﬁaj>é6éragd5@5%%§}g laé/leﬁ\l 26’%%,8‘3%}8% ,ha'X?Pg ,” fgq:m%%her
on semicon tor wafer . Encapsu ant IS epOS|ted over the
mat estigctuleny22+4 46 forl saructunaltsipportduringcforrhation of ddditionalulating
1aye!Parggnnect SUyctures. in, g 1G4, seiconguctar wafer 118 s inyerted and
back surface 152 is reduced in thickness by mechanical grinding, CMP, wet
spragtchimy; tngetchiny; plasmia etchirid) oramotirerLthivining prodessoSincen of
insuﬁ%PEﬁﬁd¥%§%¥Wﬁ©%1¥%5fémggéé“@9'%9 etching process to expose
TSVs 122.

An electrically conductive layer 172 is formed over
TSVs 122 and insulating layer 170 using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 172 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 172 is a
redistribution layer (RDL) in electrical contact with TSVs 122.
RDL 172 extends electrical connectivity of TSVs 122.

In FIG. 4b, an insulating or passivation layer 174 is
formed over insulating layer 170 and RDLs 172. The insulating
layer 174 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating properties.
The insulating layer 174 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation. A
portion of insulating layer 174 is removed by an etching process

to expose RDLs 172.

An electrically conductive layer 176 is formed over
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encapsulant 150, the structure is sufficiently robust to reduce substrate
thickness to less than 300 pm. In one embodiment, the thickness of the
substrate is reduced to 10-50 pm. A temporary carrier or tape is not needed
because encapsulant 150 provides the support to maintain the structural
inte7g|2:lity of the device, even with the reduced substrate thickness. An

RDLsinkatingdr passivatidn fayef 196 i formettoverrBaek S0iface’ Py BRI,

elect8Ys 122 Thednsulating:-layer 40 £3B e gneqr meredayers o Si@2her
Si3N4, SION, Ta205, A1203, or other material having similar insulatin

Sultaiaherius: ar%edlﬁ&ﬂéﬁf‘rgl By S LAFIR TormEUSIMGPVB, EVI5: 1bri%?iﬁgg cgpin®e
one eaatingyespray eoating; suitering, ordhermal, oxidationg A pertientof rinsulating 1 e
layer 170 is removed hy an etching process to expose TSVs 122, ,
LTy O g AP fmed WiBr e 223 B induldis? @ U2
in elayerit7@asingdPVBeCMVD, SpuRterisg,l @ectrolytic plating, electroless plating
process,_or r syitable metal depositi rocess. Conductive layer 172
Can be. B0 b ord TayerE of AT o N AT RaE b Mg e
depoelectiitatly eondiifive thatesiah Conductive tayer 172 ,is al sedistobuytiorrlayer

RDL) in ele%tri§§ contact vs@th TSV%algg. O{:%DL 172 extends electric

SELH P st i il Faaal sl Tl Soie i s S TN

procformed e ir@M@iﬁ@tlaygr mww_arqdﬂpmmﬁzeﬂ@elmsata,tinkjilayérlJ_?A@gnPb,
Bi, P%ONEOfmore lgyers of 302,914, SIQN, 18205, Alg03, orather matenal,

having similar insulating properties. The insulating layer 174 is formed using
matepypl CVD qarirtmgishin coating: spralcesatingl sirtering; ofahedsaleutectic

sn/pXAgLN, A £ostion, okinsulating jayer 174 s remoyed by an,gtchingprocess.
to expose RDLs 172.
material is bonded to UBM 176 using a suitable attachment or
bonding process. In one embodiment, the conductive material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 178. In some applications, bumps 178
are reflowed a second time to improve electrical contact to UBM
176. The bumps can also be compression bonded to UBM 176.
Bumps 178 represent one type of interconnect structure that can
be formed over UBM 176. The interconnect structure can also use
bond wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

In FIG. 4d, semiconductor wafer 118 is inverted again
and singulated into semiconductor devices 180, which are
metallurgically and electrically connected to contact pads 186
on PCB 188 using bumps 178. Semiconductor die 140 and passive
device 144, as well as passive and active devices in active
region 120, electrically connect to PCB 188 through bumps 138
and 158, RDL 172, TSV 122, UBMs 136 and 156, conductive pillars
132, bonds 146, and conductive layers 124 and 128.
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An electrically conductive layer 176 is formed over -21 RDLs 172 and
insulating layer 174 using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition process.
Conductive layer 176 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive layer 176 is a

UBM in EléctificHt tomtatt With RBES 492 SIS At 3R efedticdIRFe or wafer
strueenguctive maiptiakis qdepasited omes UBM 196 using an evaporatiodr connect

electrolytic plating, electroless plating, ball drop, or screen printing process.
S ErUphEESRductiVematerial 4 BB AIPSATNE AL AY: Pr BTl Lolfér, bhd
substeembinations thereek withsart aptional flux materiab 1 orexamplecthenection

conductive materjal can be eutectic S /Pb,gi Ié—leads Ider, oriﬁad-free
20 PP I CIARGS raferial SO ectd GBI 178 G8nd dSuble. 122
t husattachmentcort hending processe daoneembodiment, he eondudctivedanatesiah g

.Is_reflowed by heating the material above jts meltin int tq form_spherical
oV S DR A 3B, 1 Suie S bu b TR BT oGl S Sotttd
bondtime t6 imprdveneléctpicabcentaettpdiBMy 126 rThe bumpsveansalso be

mpression bonded to UBM 176, Bumps 178 represent one t c%f

e ke TRt e e TORRaY Sver DBV Lhe. Ta i befect
handgtructureacah alseluses bbad wiresp conductivepasteistud bumps miche
e1ecRYTR,Or ather, elestiicaliptergannect I, FIG, 4dy semicondugtor wafer 118

is inverted again and singulated into semiconductor devices 180, which are
subsipetdiRirgicdilcand elettritally Tonfedted t6 CONERP pads 186ranR FCR 188z
and ¥singbumps 178. Semiconductor die 140 and passive device 144, as well

as passive and active devices in active

While one or more embodiments of the present invention

have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.

_23-—



region 120, electrically connect to PCB 188 through bumps 138 and 158,
RDL 172, TSV 122, UBMs 136 and 156, conductive pillars 132, bonds 146,
and conductive layers 124 and 128. -22 The encapsulation process makes
the substrate or wafer structurally robust during formation of additional
interconnect structures. The encapsulant permits backside grinding to
substantially reduce its thickness. fHedfetrical connection to PCB 188 is
made on the backside of the wafer with TSVs 122 thus reducing the silicon
area and package size and increasing device performance. The encapsulant
eliminatés the%eed for bonding & de-bonding to a temporary carrier, lowers
manufacturing cost, reduces breakage and slip, simplifies handling, and
enables higher processing temperatures, The electrical connection, to.the
L oL N e of e o O AR SO AT LS L0

carresponting packagetsize sand thickness. While one or more embodiments

offtglg np.rgser}it inv%ntiorq Qa\ﬁte ngn ilu éra(t)efd itnhldetgil,btgg sgglgd rH%an ng
apprecfétg tivat modifications and adc’a%p ations to thoSe embodinients még/lbe
extemadeqvithrout depastingtframdhe sbepe obther present invention as set forth
indhe following glaims. 133 Glaims What js glaimed:, 1, A method of making a
semiconddctor device, comprising: rovﬁing a substrate; f%fming aviaina

firse side10f the sabstratecthielvia léxtendingpartially theoughithe substrate;via
to F9FRING & lptinsulting YSLIWNE M con via (TsV);

forming a first interconnect structure over the first side

What

of the substrate;

mounting a semiconductor die or component to the first
interconnect structure;

depositing an encapsulant over the first interconnect
structure and semiconductor die or component;

removing a portion of a second side of the substrate,
opposite the first side of the substrate, to reduce its
thickness and expose the TSV; and

forming a second interconnect structure over the second
side of the substrate, the second interconnect structure being

electrically connected to the TSV.

2. The method of claim 1, wherein forming the first
interconnect structure includes:

forming a first conductive layer over the TSV;

forming a second insulating layer over the first conductive
layer and substrate;

removing a portion of the second insulating layer to expose

the first conductive layer;
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depositing an electrically conductive material in the via to form a conductive
through silicon via (TSV); forming a first interconnect structure over the first
side of the substrate; mounting a semiconductor die or component to the first
interconnect structure; depositing an encapsulant over the first interconnect
structure and semiconductor die or component; removing a portion of a ,
sécUbride of fieCsusktfte TBpposife &%Vf?rgt Sy&of e sdbstrdte fonductive
layekeduce its thickness and expose the TSV; and forming a second interconnect
structure over the second side of the substrate, the second interconnect

sthctlire Seifig "BILEichily Boatedted 16 HiE T8VCS. ThE ni&thod of cRIrHUC Ve
1ayewhereain feronng thehfirst datereonnegt struetuse includes: forming a first

conductive layer over the TSY; forming a second insulating layer over the first

ORI Saer i SHBstre: TEmOoInG & Aitich BF e Re oA e nadlati 2=
the layeptodexposeéutheifirst tarnductive layer; -24 forming a second conductive

layer over the first conductive layer; forming a third insulating layer over the

second conductive layer and second insulating layer; and removing a portion

3. offthe thizd insulatingdayerntoZexpaser thensetond icondubtve layet. 3. The

in te@gtqlode%q:clg@: gt Qgreen% 1&‘%@1’@9 tq% fclrﬁt1 dgtse:rconnect structure further

Ingégﬁfﬁg a conductive pillar over the second conductive
layer;
forming a fourth insulating layer around the conductive
pillar;
forming a third conductive layer over the conductive
pillar; and
electrically connecting the semiconductor die or component

to the third conductive layer.

4. The method of claim 1, further including mounting the
semiconductor device to a printed circuit board through the

second interconnect structure.

5. The method of claim 1, wherein forming the second
interconnect structure includes:

forming a second insulating layer over the second surface
of the substrate and TSV;

removing a portion of the second insulating layer to expose
the TSV; and

forming a first conductive layer over the TSV.
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forming a conductive pillar over the second conductive layer; forming a
fourth insulating layer around the conductive pillar; forming a third conductive
layer over the conductive pillar; and electrically connecting the
semiconductor die or component to the third conductive layer. 4. The method
of claim 1, further including mounting the semiconductor device to a printed

6 cifdtfit Bard Hroughthé 'Second'ihterédrhect Sttaetird. 5> THEMBthod of

int e€lahn de Whereindorming the secerg interconnect structure includes: forming
a second insulating layer over the second surface of the substrate and TSV;

reaVing @ gortioir oF the' Settohdin8dating fyeP ¥ Expdse 6 T8V, anatace
of tioeminga firsticonduetivestayer over the TSV. -25 6. The method of claim 1,
wherein forming the second f'%:tg connect structure irrglcludes: formin
e

sécohdlinEdiating tyet Vel the-Sstond Stttace” 5t tha sulbdtrate’ Sh%a‘%%\ﬁxpose

the mEWQving a portion of the second insulating layer to expose the TSV, forming
2 first conductive aver oyerdhe T8\ (o extend the conduciiuly ofthe TSY;,
forming a third insula ingcfayer over the S&cond insula ing layer and first

condcarductive |ayerteend\iivg a portion of the third insulating layer to expose

forming a third insulating layer over the second insulating
layer and first conductive layer;

removing a portion of the third insulating layer to expose
the first conductive layer; and

forming a second conductive layer over the first conductive

layer.

7. The method of claim 1, wherein the encapsulant provides
structural support while removing the portion of the second side

of the substrate.

8. A method of making a semiconductor device, comprising:

providing a substrate;

forming a via in a first side of the substrate;

depositing an electrically conductive material in the via
to form a conductive via;

forming a first interconnect structure over the first side
of the substrate;

mounting a semiconductor die or component to the first
interconnect structure;

depositing an encapsulant over the first interconnect

structure and semiconductor die or component;
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the first conductive layer; and forming a second conductive layer over the first
conductive layer. 7. The method of claim 1, wherein the encapsulant
provides structural support while removing the portion of the second side of
the substrate. 8. A method of making a semiconductor device, comprising:
providing a substrate; forming a via in a first side of the substrate; depositing

an %ﬁ%‘(ﬁéﬂly%oﬂﬂﬁ&ﬂ@m‘é rfal it a St forma cifautive Vi t6rming

oppo@ fitst inteeconnest stsucture-gverbe dirg side 1of the substsate:mpuiating a
semiconductor die or comp onent to the first interconnect structure;

thickgsesitirng an %ﬁ@Sﬁ?ulﬁﬁtemfe?qgél fifst Vittetcohhedl Structure and
samicendyctor gie-emheomperenis rateremoeming aqorion oka serend sickenof
J the substrate,. opposite the first side of the sﬁubstrate to reduce its thickpess
side,Sf expSse iR ddtiuctive Uia: SR8 Ming & 8é SCOHfifitereSATEE Shbichiré 9
elecaverdhe secandreide ofltheosubistrate,ritbie second interconnect structure
being electrically connected to the conductive via. 9. The method of claim 8,
wherein forming the first interconnect structure includes: forming a first
9. cdnductiwe heyeer @ver thel coriductiie weai; nfofrmingla dirsthrsufatireg-layer over

the fir tc nd ctlve I ayer and su trate forming a second conductive layer
ﬁ Qnaoucl AN Y 9 y

intercon ? %
overt Irst con ucnve

forming a first conductive layer over the conductive via;

forming a first insulating layer over the first conductive
layer and substrate;

forming a second conductive layer over the first conductive
layer;

forming a second insulating layer over the second
conductive layer and first insulating layer;

forming a conductive pillar over the second conductive
layer;

forming a third insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive
pillar; and

electrically connecting the semiconductor die or component

to the third conductive layer.

10. The method of claim 8, further including mounting the
semiconductor device to a printed circuit board through the

second interconnect structure.

11. The method of claim 8, wherein forming the second

interconnect structure includes:
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layer; forming a second insulating layer over the second conductive layer
and first insulating layer; forming a conductive pillar over the second
conductive layer; forming a third insulating layer around the conductive
pillar; forming a third conductive layer over the conductive pillar; and
electrically connecting the semiconductor die or component to the third

cAritfuRtive 1&yer 1 16 5 THE etidd BRclamy 87 futtrer indladifg Mouhtigthace of

the Se/PisORdUetos devisetaadgrinted ¢irgyit baard through the second
interconnect structure. 11. The method of claim 8, wherein forming the

SO HteftohhE et stiAGrEhiNiBes 207 oG & fifrst HEUMtNG ¥ Fer 12 -

over the second surface of the substrate and conductive via; and forming a

first conductive layer over the conductive via, 12.. The method of claim 8,
ERN SR S R b S A et

inteinsulatiag tayerover theesubstratele farming a first conductive layer over the
C%”odr“@%% via to, fé%e nd the Cé’{‘fij%g"fﬂ%(g%%h%x?g?d%?%V%‘{i'%sf@%@%”@-a
second insulating Tayer over the firstinsufafing “layer and first conductive
layer; randdfoemingras secamdicanductive dayer ovee the-first conductiveviayern.a to
exceh Themethod.ofdlaim 8 whersin the encapsulant provides
forming a second insulating layer over the first insulating
layer and first conductive layer; and
forming a second conductive layer over the first conductive

layer.

13. The method of claim 8, wherein the encapsulant provides
structural support while removing the portion of the second side

of the substrate.

14. A method of making a semiconductor device, comprising:

providing a substrate;

forming a conductive via through a first side of the
substrate;

forming a first interconnect structure over the first side
of the substrate;

mounting a semiconductor die or component to the first
interconnect structure;

depositing an encapsulant over the first interconnect
structure and semiconductor die or component; and

removing a portion of a second side of the substrate,
opposite the first side of the substrate, to reduce its

thickness and expose the conductive via.
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structural support while removing the portion of the second side of the
substrate. 14. A method of making a semiconductor device, comprising:
providing a substrate; forming a conductive via through a first side of the
substrate; forming a first interconnect structure over the first side of the
substrate; mounting a semiconductor die or component to the first
interconnect structure; depositing an encapsulant over the first interconnect

15. struciure-amndgemicondyctor ti OF Gempenent; anddremowing aipestian okaond
, second side of the substrate, oppaosite the first side of the substrate, to
INTerRRBHS  tHiCKESE Ut &Xpusethe cORBAaEeViaS-2851 8- Fhe iBiHo 5 -
the elatpdd, further ircluding ferming vusecondi iercdaneetisticiureaven dd ed
fo t econd sjde of the substrate, the second interconnect structure being

© LBRCIRAM E6ANEEd *to the conductive via. 16. The method of claim 15,

further including mounting the semiconductor device to a printed circuit

16 2 rd tﬂg%?h O1the fse(‘loanldminﬁearco%negg structure..17. . The metth?. of cl lkrln

e Q . further including mgQunting. e
, Wherein Pormlng the’sétond’ interconnect structiire inclldes: orrﬁlng a

semifirshihsutatingdayerayer the second: surfacerofu the Sulsstrate hamd forminga

Seco%r tg%@dl{%’é’%r{‘%/lce{ os\/g£ltlhecgg):%ductlve via. 18. The method of claim 15,

whnerein ormlngt e secon mterc'onnect structure includes:
17. The method of claim 15, wherein forming the second
interconnect structure includes:
forming a first insulating layer over the second surface of
the substrate; and

forming a first conductive layer over the conductive via.

18. The method of claim 15, wherein forming the second
interconnect structure includes:

forming a first insulating layer over the second surface of
the substrate;

forming a first conductive layer over the conductive via to
extend the conductivity of the conductive via;

forming a second insulating layer over the first insulating
layer and first conductive layer; and

forming a second conductive layer over the first conductive

layer.
19. The method of claim 14, wherein forming the first

interconnect structure includes:

forming a first conductive layer over the conductive via;
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forming a first insulating layer over the second surface of the substrate;

forming a first conductive layer over the conductive via to extend the

conductivity of the conductive via; forming a second insulating layer over the

first insulating layer and first conductive layer; and forming a second

conductive layer over the first conductive layer. 19. The method of claim 14,

wherin f§infing tefirst iRtetéonrieet Stuthir@feiudess forfing adrsuctive
1 ayeeongductive tayer Over the conductive via; -29 forming a first insulating layer

over the first conductive layer and substrate; forming a second conductive

lay8F Bvérthg firstinEfafing d4yer: Torming aseBAd ifstiating &yer 6¥&t A& 119
layesecond conductive layer and first insulating layer; forming a conductive pillar

over the second con%%cti,ve layer; formi %éa third insulating a%er around the

I
cOTIULVE il Foting AtHird coRductiveiaySr 6ver the cBhRaieive pillar:
condand elestricafly coandctinig-thie semicoaductar dieyerrgomponent to the third

cc%nductive I%yer. 20, Tr{e. methodﬁf claim 14, \Q/herein the Snc%ps&llaq:t.
oaplng coqduc Iye kllar oveﬁ] he.sec?ﬂ1 con %f ave
provides structural support while’ removing the portion of the second side of
layethe substrate. 21. A semiconductor device, comprising:

forming a third insulating layer around the conductive
pillar;

forming a third conductive layer over the conductive
pillar; and

electrically connecting the semiconductor die or component

to the third conductive layer.

20. The method of claim 14, wherein the encapsulant provides
structural support while removing the portion of the second side

of the substrate.

21. A semiconductor device, comprising:

a substrate;

a conductive via formed through a first side of the
substrate;

a first interconnect structure formed over the first side
of the substrate;

a semiconductor die or component mounted to the first
interconnect structure;

an encapsulant deposited over the first interconnect
structure and semiconductor die or component, the encapsulant
supporting the semiconductor device while a portion of a second

side of the substrate, opposite the first side of the substrate,

-30-



a substrate; a conductive via formed through a first side of the substrate; a
first interconnect structure formed over the first side of the substrate; a
semiconductor die or component mounted to the first interconnect structure;
an encapsulant deposited over the first interconnect structure and

, semiconductor die or component, the encapsulant supporting the ,

1s T&gitondhctor device wiife & portiohtota s&coritBifecofthe subsfratet 1 ve

via;oppesite the first side of the substrate, -30 is removed to reduce its thickness
and expose the conductive via; and a second interconnect structure formed

overthié Yedond Sffe” Of tHe“Substrate, the Setbnd fitteftbnnett Stnittinen e stde

of theinguelectrically conrecied tothe cenductivaviss 22t Fhetsemicorducior
device ﬂ?claim 21, wherein the first integconnect structure includes: a first
i

eleckdiduttive IG/eHomed over theTondUSHVE vig® a'firdt insulating layer

formed over the substrate; a second conductive layer formed over the first
22. Squuctive laver, a second Insulating laver formed overthe second. . .
conductive “layer; a conductive pﬁlar ormed over the second conductive
intelayenaethirddnsulating kyen fornweelsaround the conductive pillar; and a third
conauctive layer formed,gverthe copdugive BIAL. +he conductive via;
a first insulating layer formed over the substrate;
a second conductive layer formed over the first conductive
layer;
a second insulating layer formed over the second conductive
layer;
a conductive pillar formed over the second conductive
layer;
a third insulating layer formed around the conductive
pillar; and
a third conductive layer formed over the conductive pillar,

the third conductive layer being electrically connected to the

semiconductor die or component.

23. The semiconductor device of claim 21, further including a
printed circuit board electrically connected to the second

interconnect structure.

24. The semiconductor device of claim 21, wherein the second

interconnect structure includes:

a first insulating layer formed over the second surface of

the substrate; and

a first conductive layer formed over the conductive via.
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the third conductive layer being electrically connected to the semiconductor
die or component. 23. The semiconductor device of claim 21, further
including a printed circuit board electrically connected to the second
interconnect structure. 24. The semiconductor device of claim 21, wherein
the second interconnect structure includes: a first insulating layer formed
over the second surface of the substrate; and a first conductive layer formed
25. overdhesenddetive-viar -3k2bcEhe semieandurior device-efclaim2iecond
, wherein the second interconnect structure includes: a first insulating layer
Int e Sver e BESH surfate 6 fiie substrate; a first conductive layer
fasmed-aver thes conductiye Mg/t extentethesonductvtysefdbaLondugtivge: of
th via; aggconq insulating layer formed over the first insulating Iayer_ and first
© Eé#dsucﬂ% ?ayer; and a second conductive layer formed over the first
cendiictive lagerdud2ive layer formed over the conductive via to

extend the conductivity of the conductive via;

a second insulating layer formed over the first insulating
layer and first conductive layer; and

a second conductive layer formed over the first conductive

layer.
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